Inhibition of antibacterial activity of polymorphonuclear leukocytic lysosomal cationic proteins by a polyanion, heparin, can be reversed by addition of the basic nuclear protein, clupeine.
Antibacterial activities of polymorphonuclear leukocytes (PMN) have been attributed to cationic proteins contained in their lysosomal granules (7) (8) (9) . Acidic materials such as nucleic acids and long-chain polysaccharides have been reported to neutralize the antimicrobial action of basic proteins including lysosomal cationic proteins (6, 8) . Heparin, a strongly acidic mucopolysaccharide, also possesses this inhibitory activity (8) , and heparin-containing mast-cell granules have been shown to interact with lysosomal proteins in vivo (1) . In view of the possibility that the interaction of mast-cell granules with these PMN proteins might decrease the ability of inflamed connective tissue to destroy invading bacteria, it was of interest to investigate this effect of heparin on the antibacterial activity of lysosomal cationic proteins (LCP) to determine whether this inhibition is reversible, as has been noted with other systems involving the interaction of oppositely charged macromolecules (4) .
Rabbit PMN were harvested from a peritoneal exudate and lysed, and their lysosomes were recovered by differential centrifugation (2 the incubation period were determined after preparation of pour plates, and the results were compared to those obtained from control preparations incubated in saline only. Under these conditions, this amount (50 ,ug) of either whole lysosomal extract or LCP was sufficient to completely prevent growth of the E. coli cells and was arbitrarily considered to be equivalent to 100% activity.
The inhibitory effect of heparin was investigated by mixing one of a series of graded amounts of heparin (Riker, 128 units/mg) with the test system before the addition of indicator cells. Activity of the whole lysosomal extract was inhibited by heparin in the dosage range of 30 to 1,000 ,Ag of this mucopolysaccharide, and the activity of LCP was inhibited at all concentrations of heparin employed (Fig. 1) . These results are in agreement with reports concerning this inhibition of antimicrobial activity (6, 8) and are similar to heparin inhibition of mastocytolytic activity of lysosomal proteins (1) . (Table 1) , the inhibitory effect of heparin on both whole lysosomal extract and LCP was markedly repressed by clupeine and, conversely, the lesser inhibitory effect of clupeine was inhibited by heparin. These mutually inhibitory effects are comparable to those reported for the interaction of heparin and lysosomal proteins on their respective anticoagulant (5) and antibacterial (8) activities. Since adequate time was allowed for heparin to interact with the lysosomal proteins before clupeine was added to the system, the data reflect the reversibility of the heparinlysosomal protein interaction rather than a simple inhibition of the heparin effect. The observed inhibitory effect of clupeine on the system does not appear to have been previously described. However, since clupeine is a cationic protein, it is possible that its inhibitory effect can be explained in terms of a competitive binding of negatively charged groups on the bacterial cell surface with proportionate reduction in their availability for interaction with lysosomal proteins which appear to be essential for the demonstration of their antibacterial activity (7, 8) .
A previous report from this laboratory indicated that lysosomal proteins can be sequestered from the ground substance of connective tissue by heparin-containing mast-cell granules in vivo, and that the resulting lysosomal protein-granule complex is ingested by phagocytic cells of this tissue (1) . It has been proposed that these ingested PMN proteins may be released from the heparin granules by intracellular processes and thereby enrich the available antibacterial activities of the recipient cells and enhance the ability of inflamed connective tissue to deal with invading microorganisms (1) . The data in this report demonstrating the reversibility of the heparinlysosomal protein interaction are consistent with this view and suggest that shed mast-cell granules may function to conserve rather than inhibit the activities of antibacterial proteins liberated from PMN during an inflammatory process. This interplay between PMN lysosomal proteins, mast cells, and phagocytic cells has been previously described as a regulatory mechanism for the inflammatory process (1), and both supports and extends the concept of "micellophagosis" which has been postulated to serve in the maintenance of the physiological state in the connective tissue (3). 
